
No

FOOD HABITS, DIETARY OVERLAP, AND ELECTIVITY OF NON-GAME

INSECTIVOROUS FISHES IN AN OZARK FOOTHILLS STREAM

THESIS

Presented to the Graduate Council of the

North Texas State University in Partial

Fulfillment of the Requirements

For the Degree of

MASTER OF SCIENCE

By

C. Stan Todd, B.S.

Denton, Texas

May, 1985



Todd, C. Stan, Food Habits, Dietary Overlap, and Electivity

of Non-Game Insectivorous Fishes in an Ozark Foothills

Stream, Master of Science (Biological Sciences), May, 1985,

45 pp., 2 tables, 6 figures, literature cited, 30 titles, 1

appendix.

Etheostoma spectabile, E. punctulatum, and Cottus

carolinae were sampled Mar., 1983, - Feb., 1984, in Flint

Creek, Oklahoma. Immature E. spectabile ate primarily

microcrustaceans, while mature fishes relied more on

mayflies and amphipods. Juvenile E. punctulatum fed upon

mayflies, amphipods, and Asellus. Mature E. punctulatum ate

primarily mayflies, and other relatively larger prey.

Cottus carolinae consumed chironomids almost exclusively in

Jan. - Feb., 1984, while mayflies were predominant the

remainder of the year. No significant habitat partitioning

between the two darters, and seasonal habitat segregation

between C. carolinae and the two darters was found. Dietary

overlap between the darters was significantly correlated

(p<0.0005) to differences in x prey sizes.
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CHAPTER I

INTRODUCTION

Darters and other non-game insectivorous fishes such

as sculpins and madtoms are often found coexisting in the

same stream (Daiber 1956; Braasch and Smith 1967; Page and

Smith 1970, 1971; Novak and Estes 1974; Page 1974; Flynn and

Hoyt 1979; Matthews et al. 1982; Wynes and Wissing 1982).

In such systems, resource partitioning by coexisting species

is expected (Gause 1934; Zaret and Rand 1971). Smart and

Gee (1979), Matthews et al. (1982), and Wynes and Wissing

(1982) have shown varying degrees of segregation of food and

habitat use in coexisting darter species. Northcote (1954)

studied the ecology of two sculpin species, and Daiber

(1956) compared the feeding habits of the mottled sculpin

and the fantail darter. Ecological segregation has also

been shown among several other groups of sympatric

freshwater fishes (Zaret and Rand 1971; Moyle 1973;

Mendelson 1975; Werner and Hall 1976; Surat et al. 1980;

Baker and Ross 1981).

Several factors may influence competition for food bet-

ween cohabiting fishes. These include primarily (1.) the
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utilization of different habitats, (2.) prey size selectiv-

ity, and (3.) the selection of specific prey species.

Spatial segregation by stream fishes is difficult to

assess, and studies based on seine hauls may be deceptive,

since the method of capture potentially disturbs them to the

point where their distribution may no longer represent

natural activities, or the sampling area is so large that

important differences in microhabitat usage are obscured.

The food habits of some darters and sculpins change as

they mature (Koster 1937; Bailey 1952; Daiber 1956; Braasch

and Smith 1967; Page and Smith 1970,1971; Scalet 1972; Page

1974; Flynn and Robert 1977; Schenec and Whiteside 1977;

Layzer and Reed 1978). This suggests an age-related change

in the strategies of food partitioning. Different size

classes of a species are often found in different habitats.

This potentially reduces both interspecific and intraspe-

cific competition. The selection of different prey or

different prey sizes may be influenced by many factors such

as morphological, physiological, and behavioral

characteristics of both the predator and prey.

Preliminary studies of darter food habits in Flint

Creek, Oklahoma, suggested a difference in the magnitude of

dietary overlap, depending on the size classes of fishes

compared. Although Smart and Gee (1979) separated fish into

age groups, most studies have reported indices of overlap

without subdividing the population into size classes,
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possibly overlooking some very important aspects of darter

ecology.

At times during the life histories of game fishes there

may be competition with non-economic fishes for the availa-

ble food resources. In order to better comprehend these

relationships, it is necessary to understand the resource

requirements of the non-economic species. In Flint Creek,

Delaware Co., Oklahoma, insectivorous fishes that are in

potential competition with the primary game fish, the

smallmouth bass (Micropterus dolomieui Lacepede), are the

orangethroat darter (Etheostoma spectabile Agassiz), the

stippled darter (Etheostoma punctulatum Agassiz), the banded

darter (Etheostoma zonale Cope), the fantail darter

(Etheostoma flabellare Rafinesque), the greensided darter

(Etheostoma blennioides Rafinesque), and the banded sculpin

(Cottus carolinae Gill).

The food habits and life histories of many darters and

sculpins have been studied (Koster 1937; Dineen 1951; Bailey

1952; Braasch and Smith, 1967; Page and Smith, 1970,1971;

Scalet, 1972; Novak and Estes 1974; Page, 1974; Flynn and

Hoyt, 1979; Cordes and Page, 1980). The food habits of

neither the orangethroat darter, the stippled darter, or the

banded sculpin or the relationships between these species
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have been reported. The objectives of this study were,

therefore

1). To describe the food habits of the
three most abundant insectivorous
fishes in Flint Creek, Oklahoma,
E. spectabile, E. punctulatum, and
C. carolinae.

2). To determine the magnitude of
dietary overlap between various
sizes of the two darter species and
the banded sculpin.

3). To conduct field and laboratory
studies to determine if the darters
and sculpins, of each size class,
are selecting prey items.



CHAPTER II

MATERIALS AND METHODS

Study Area

Flint Creek is a third order stream running south-

easterly through Delaware County, Oklahoma, to its

confluence with the Illinois River. The study area was a

1-km. section approximately 4-km. upstream from Oklahoma

State Highway 33. At this point the stream passes through

an open valley with occasional riparian trees. The stream

consists of many pools separated by as many riffles. The

substrate ranges from detritus and silt to gravel and rub-

ble, with gravel being most common. During summer months, a

large portion of the stream becomes covered with water wil-

low (Justicia americana) and water primrose (Ludwigia s.).

Habitat usage

.Fishes were captured monthly from Mar., 1983, to Feb.,

1984, using a kicknet placed downstream of habitats to be

sampled, with the substrate disturbed to dislodge fish. A

total of fifty kick-sets were made monthly in each of four

general habitats: (1.) open pools, (2.) open riffles, (3.)

pools with submerged and/or emergent cover, and (4.) riffles

with submerged and/or emergent cover. The standard length

5
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in mm. was measured for each fish. An analysis of co-dis-

persion was made incorporating a log-likelyhood ratio test.

Although sampling efficiencies may have differed in each

habitat, an ANOVA was run to test for differences in the

average length of each species between the four habitats

followed by a Student-Newmam-Keuls multiple comparison.

Stomach Analysis

In habitats where two or more species were captured,

five fish in as many 10-mm. size classes as possible were

preserved in ten percent formalin for stomach analysis.

Roberts and Winn (1962) and Daughtery et al. (1976) found

that visual stimuli were necessary for normal feeding res-

ponses of darters. Several researchers have found darters

to exhibit diurnal feeding patterns with peak feeding

occuring in mid-day or afternoon, with maximum gut content

later in the day (Mathur 1973; Schenec and Whiteside 1977;

Layzer and Reed 1978; Cordes and Page 1980; Matthews et al.

1982). Preliminary studies indicated the two darter species

under study both fit this pattern, therefore, all fish were

captured between 12:00 p.m. and 5:00 p.m.

Stomach contents of the preserved darters were identi-

fied to the lowest possible taxon (genera for most insects).

The head capsule width (HCW) of insects or the maximum diam-

eter of other taxa was measured with an ocular micrometer.
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Food Availability

Within the same habitats where darters were collected

for stomach analyses, three 0.05 m2 Hess samples were taken

at the same monthly sampling times and preserved in 70% iso-

propanol for determination of prey availability. Additional

benthic organisms were collected, and their HCW or maximum

diameter measured. These organisms were then killed in 4

percent formalin, immediatly dried for 24 hrs. at 105*C, and

their dry weight was measured to the nearest 0.1 mg.

Regression lines were developed from these data, and were

used to estimate the live dry weight of the prey consumed.

Dietary Overlap

Dietary overlap was determined with an index of

association CA(Horn 1966) which is calculated:

s

2~I x y;
i=l

C=

S s
Zx;,+ y,

i=l i=l

where:

s = total number of food taxa

xi = proportion of the total diet of species
x taken from taxa i

yj = proportion of the total diet of species
y taken from taxa i

This index ranges from 0.0 to 1.0, with a value of 0.0 indi-

cating no overlap, and 1.0 indicating complete overlap. An
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index of overlap was calculated for both numbers and biomass

of each prey taxa.

Prey Selection

A linear index of food selection L (Strauss 1979), was

used. It is calculated:

L= r -p,

where:

ri = the relative abundance of item i in the

gut

p. = the relative abundance of item i in the
environment

This index ranges from -1.0 to 1.0, with positive values

indicating preference and negative values indicating

avoidance and/or inaccessibility. A Students t-test was

used to test the null hypothesis of no difference in L from

zero.

An index of selectivity assesses differences in the

proportions of a specific prey item in the diet relative to

proportions available in the environment. These indices may

or may not express actual election or avoidance of a prey

item. The real availability of prey items is usually not

known, therefore, unavailability may be mistaken as

avoidance.

The following experiment was conducted in Jun., 1984,

to gain some further insight into selectivity by darters in

a situation where all prey were equally available. Five
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18.9-1. aquaria were placed in the stream to minimize stress

on the darters during the experiment. A selected group of

prey, representative of the stream population, and in

sufficient numbers to allow feeding without greatly

affecting the proportions of the prey, were counted into the

aquaria. Two darters were placed in each aquarium after

dark to allow them to adjust to the aquaria before dawn when

normal feeding would begin. The darters were allowed to

feed until noon, when they were preserved for stomach

analysis.

Size Selectivity

Size selectivity was assessed by comparing R widths of

prey consumed by each species in each size class. A one-way

ANOVA followed by a Student-Newman-Keuls multiple range -test

was used to test for differences in R widths of prey con-

sumed between different size classes of fishes.



CHAPTER III

RESULTS AND DISCUSSION

Seasonal Abundance

A total of 992 darters and sculpins were captured over

the 12-month study period. Etheostoma spectabile was most

abundant (n=543), followed by Cottus carolinae (n=275),

E. punctulatum (n=157), and E. zonale (n=17). Their

seasonal abundance from Mar., 1983 to Feb., 1984 is illus-

trated in figure 1., and numbers of E. spectabile and

C. carolinae generally followed expected survivorship,

except in Aug. when dense macrophytic vegetation may have

impaired sampling efficiency. These two species are spring

and summer spawners, and their numbers were greatest, as

expected, during these periods of recruitment. Etheostoma

zonale was low in abundance over the entire year, with the

greatest number captured (n=6) occuring in Aug. The effi-

ciency of seining as a method of sampling darters and

sculpins is questionable, due to their ability to avoid cap-

ture by hiding under rocks and in crevices. The use of kick

nets in this study probably gave a more discrete sample.

10
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Figure 1. Seasonal Abundance of the Four Most
Abundant Non-economic Insectivorous
Fishes in Flint Creek, Oklahoma, from
Mar., 1983 to Feb., 1984. No fishes
were captured in December, 1983.
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Habitat Usage

An analysis of co-dispersion for E. spectabile and

E. punctulatum revealed no significant habitat segregation.

Significant (p<0.05) positive co-dispersion (overlap) was

observed in Jun. and Sep., 1983. All values for co-dis-

persion were positive except in Nov., 1983, and Jan., 1984,

when numbers collected were low, (19 and 13, respectively).

Areas sampled can greatly affect the results of an ana-

lysis of co-dispersion. Small sampling areas tend to give

11

Figure 1. Seasonal Abundance of the Four Most
Abundant Non-economic Insectivorous
Fishes in Flint Creek, Oklahoma, from
Mar., 1983 to Feb., 1984. No fishes
were captured in December, 1983.
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On a yearly basis, an ANOVA revealed a significant dif-

ference in the average body lengths of both E. spectabile

and E. punctulatum between habitats (p<0.0001), while no

significant difference in the R lengths of C. carolinae were

found. A Student-Newman-Keuls multiple comparsion showed

E. punctulatum with a significantly larger R length in rif-

fles with submerged and/or emergent cover than in open

pools, 62.3 mm. and 43.5 mm., respectivly (p<0.05).

Etheostoma spectabile had a significantly higher R length in

riffles with and without submerged and/or emergent cover

(51.6 mm. and 50.3 mm., respectively) than in pools with and

without submerged and/or emergent cover (42.3 mm. and 40.8

mm., respectively) (p< 0.05). Although not significant, both

species were larger in riffles with submerged and/or emer-

gent cover and pools with submerged and/or emergent cover

than in open riffles and open pools, respectively. The

presence of different sized fishes in different habitats may

be important in the reduction of intraspecific competition.

Since roughly similar size classes of the two darters were

found in similar habitats, the segregation of habitat alone

by different size classes probably had little effect on

interspecific competition, however, the combination of habi-

tat selection, temporal segregation of spawning times, prey

selection, and differences in prey size, probably resulted

in lowered competition between E. spectabile and

E. punctulatum.
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Food Habits

In both darters a major dietary shift could be related

to maturation, and therefore separation of fish sizes for

discussion of food habits was made on this basis.

Etheostoma spectabile and E. punctulatum were therefore

respectively separated into <41 and >40, and <51 and >50 mm.

sizes (Figs. 2-5).

The stomachs of 244 E. spectabile contained 35 dif-

ferent prey taxa. Both juveniles and adults fed heavily on

chironomids during winter and early spring (Jan. - Mar.,

Figs. 2,3). Chironomids continued to constitute 16.1 -

59.5%, by dry wt., of juvenile fish diets in Apr. - Jul., as

they increased feeding on microcrustaceans and small

mayflies (Fig. 2). This shift to planktonic prey items

coincided with recruitment of darter fry. In Aug., diets of

these smaller fish were exclusively composed of micro-

crustaceans, particulary Cladocera and Copepoda, and for

the rest of the year microcrustaceans and amphipods contin-

ued to make up the major percentages by number and dry

weight, into Dec. (Fig. 2). Mayfly nymphs (Baetis,

Stenonema, Ephemerella, Leptophlebia, and Caenis) made up

49.1 - 77.3%, by dry wt., of mature E. spectabile diets in

spring and early summer until Jun. (Fig. 3), corresponding

with the emergence and recruitment of these insects. They

were ingested at lower levels for the rest of the summer,

and none were eaten by 12 fish in Oct. (Fig. 3). Unlike



Figure 2. Food Habits of Etheostoma spectabile <41
mm. from Feb.,, 1983 to Feb., 1984.
Each bar represents the percent by num-
ber of each of the selected prey items
in the diet. The ratio of guts con-
taining food to the total number of guts
examined is shown above each bar. The
percentage by dry weight is shown within
the bars. An index of selectivity is
shown to the right of each major prey
catagory with an asterisk representing
significance (p<0.05).
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juveniles mature fish fed on chironomids 
at levels less than

11% by dry wt. from Apr. - Jul., and microcrustacea were not

present in mature fish guts in 
late spring and summer in

amounts above 3.1%, by dry wt. (Jun., Aug.). Amphipods

appeared in diets of mature orangethroat 
darters at levels

of 42.5 and 91.0% (dry wt.), respectively in Sept., and

Oct., when ingestion of amphipods generally 
decreased and

chironomid feeding increased in Nov., Dec., until winter

when chironomids again predominated in guts. 
Mature fish

relied more heavily on larger items such as Baetis,

Ephemerella, Leptophelebia, Stenonema, and amphipods as

these items were available.

Stomachs of 205 E. punctulatum contained 30 
different

prey taxa. Both classes of E. punctulatum utilized

chironomids in the coldest months, Jan., Feb. (Figs. 4,5),

but relied much less on them in those months, and generally

throughout the year, than did E. spectabile (Figs. 2,3).

Feeding by E. punctulatum during these months was less con-

centrated on chironomids than in E. spectabile, in favor of

diverse feeding on mayflies, Asellus, and amphipods (Figs.

4,5).

Few juvenile E. punctulatum were captured in spring,

Mar. - May. The five fed fish taken in Mar. fed almost

exclusively on the mayfly Leptophlebia (94.6% by dry wt.),

apparently segregating themselves from 
small E. spectabile

that spread their feeding predominately over chironomids
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Figure 3. Food Habits of Etheostoma spectabile >40
mm. from Feb., 1983 to Feb., 1984.
Each bar represents the percent by num-
ber of each of the selected prey items
in the diet. The ratio of guts con-
taining food to the total number of guts
examined is shown above each bar. The
percentage by dry weight is shown within
the bars. An index of selectivity is
shown to the right of each major prey
catagory with an asterisk representing
significance (p<0.05).
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(24.3% by dry wt.), Ephemerella (18.1%), and Leptophlebia

(21.2%). During summer months (Jun. - Sept.) and into Nov.,

juvenile stippled darters fed mainly on amphipods and the

mayflies Stenonema, Baetis, and Leptophlebia, further sug-

gesting segregation of themselves from smaller E. spectabile

that were feeding more on microcrustaceans during that time.

The single fed immature fish captured in Dec. had only

Asellus in the gut (Fig. 4). Mature E. punctulatum showed

little pattern in feeding, except in Jan. - Mar. when

chironomids, Leptophlebia, and Ephemerella were ingested in

high volumes (Fig. 5). During these months, larger

E. spectabile were feeding predominately on chironomids and

the mayflies Ephemerella and Leptophlebia. Ingestion of

Stenonema and miscellaneous organisms was greater and more

seasonally distributed (Fig. 5) than in larger E. spectabile

(Fig. 3), indicating partitioning of available food

resources by the mature fish of both species. The seemingly

erratic pattern of prey ingestion (Fig. 4,5) was generally

closely related to the relative abundance of the various

prey in the environment.

A few taxa which were not consumed in sufficient num-

bers to be important items in the annual diet of both darter

species comprised a large percentage of the diet in months

when these items were available. In Mar., 1983, fish eggs

made up 25.6%, by dry wt., of the diet of juvenile

E. spectabile. In mature fish, the following prey made up



Figure 4. Food Habits of Etheostoma punctulatum
<51 mm. from Feb., 1983 to Feb., 1984.
Each bar represents the percent by num-
ber of each of the selected prey items
in the diet. The ratio of guts con-
taining food to the total number of guts
examined is shown above each bar. The
percentage by dry weight is shown within
the bars. An index of selectivity is
shown to the right of each major prey
catagory with an asterisk representing
significance (p<0O.05).
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an important part of the diet: Feb., 1983, Prostoia

(12.8%); Apr., 1983, fish eggs (18.3%), Isoperla (5.1%);

Aug., 1983, Isonychia (35.4%). The diet of smaller

E. punctulatum contained such important prey as: Jul.,

1983, Neoperla (16.2%), Stenacron (9.8%); Aug., 1983,

Corydalus (61.4%); Sept., 1983, Leptohyphes (5.2%). The

following items were important at times in the diet of

mature E. punctulatum: May, 1983, Isonychia (39.1%), oligo-

chaeta (27.3%), Psephenus (8.2%), Acroneuria (15.2%); Jun.,

1983, decapoda (20.8%), Acroneuria (38.6%), Corydalus

(16.4%); Jul., 1983, Neoperla (17.9%), Psephenus (27.9%),

decapoda (18.8%); Aug., 1983, Corydalus (47.9%), decapoda

(34.2%), Psephenus (13.7%); Sept., 1983, Psephenus (42.4%);

Oct., 1983, Argia (15.2%), Corydalus (78.2%); Nov., 1983,

Psephenus (86.5%); Dec., 1983, oligochaeta (94.3%).

Two size classes of sculpins were selected with similar

reasoning as with the two darter species. These size

classes were <71 and >70 mm. (Fig. 6).

During the initial months of the study (Feb. - Apr.),

it was not known whether sufficient sculpins could be sam-

pled for food habits analysis, therefore young sculpins were

returned to the stream. In the fall, fish were collected

for stomach analysis, and 42 specimens were taken during the

period Oct. - Feb. (Fig. 6). Mature fish were not collected

in the study area of the stream during May - Sept., and very

few were captured until Feb., possibly due to migration into



Figure 5. Food Habits of Etheostoma punctulatum

>50 mm. from Feb., 1983 to Feb., 1984.

Each bar represents the percent by num-

ber of each of the selected prey items

in the diet. The ratio of guts con-

taining food to the total number of guts

examined is shown above each bar. The

percentage by dry weight is shown within

the bars. An index of selectivity is

shown to the right of each major prey

catagory with an asterisk representing

significance (p<0.05).
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unsampled habitats such as deep pools. 
Therefore, food

habits were determined from a relatively 
small sample of

nine fish during Feb. - Apr., 1983 and Feb., 1984 (Fig. 6).

While studying the movements of sculpins, Bailey (1952)

found that, although they usually remained within 
a radius

of 46 m., some moved up to 144 m. from the point of initial

capture. Deep pools were always within this 
range in the

study area.

Stomachs of 53 C. carolinae contained 18 prey taxa.

Cladocerans, copepods, and ostracods were absent in the

diets of both size classes of C. carolinae, suggesting

segregation of this species from 
juvenile E. spectabile

during Aug. - Dec. when the latter fed heavily 
on these

items. Both size classes of C. carolinae fed on Ephemerella

(47.9% and 38.0% by dry wt.) 
during Feb., 1983, as did

mature E. spectabile (Figs. 3,6). Mature C. carolinae con-

tinued to feed on Ephemerella through 
Apr., when no

juveniles were collected. At this time, feeding on the may-

fly Ephemerella was observed 
by mature E. spectabile and

E. punctulatum (Figs. 3,5).

In May and Jul. the three small 
fish collected fed on

chironomids (May, 20.0% by dry wt.) and small mayflies,

Stenonema (May, 80.0%) and Leptophlebia (Jul., 53.7%) (Fig.

6); in Jul., Hydroptila was also taken (46.3%). During Oct.

and Nov. small mayflies such as Baetis (0.7% and 15.8%,

respectively, by dry wt.) were taken, with large 
numbers of
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Figure 6. Food Habits of Cottus carolinae from
Feb., 1983 to Feb., 1984. Each bar
represents the percent by number of each
of the selected prey items in the diet.
The ratio of guts containing food to the
total number of guts examined is shown
above each bar. The percentage by dry
weight is shown within the bars. An
index of selectivity is shown to the
right of each major prey catagory with
an asterisk representing significance
(p<0.05).
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Psephenus (2.5%), decapods (63.2%), and Corydalus (29.8%) in

Oct. In Nov. Corydalus (59.0%) and Psephenus (16.6%) made

up a large percentage of the diet. Heavy feeding by small

C. carolinae on chironomids was observed in Jan. (56.0%),

increasing to 97.5%, by dry wt., in Feb. (Fig. 6). While

the larger size class consumed some chironomids in this

month, Asellus made up 91.3% of the diet of the mature fish

(Fig. 6). Only mature E. punctulatum also fed on Asellus at

this time in amounts higher than two percent (Fig. 5).

Dietary Overlap

Monthly values for dietary overlap between different

size classes of darters and sculpins were highly variable,

ranging from 0.00 to 0.99 for numeric data and 0.00 to 0.97

for dry weight data (table 1). Based on numeric data, the

lowest average monthly overlap value was between immature

E. spectabile and mature E. punctulatum (0.22), while the

highest average monthly overlap value was between larger

E. spectabile and juvenile E. punctulatum (0.45).

Variations in monthly overlap values may be attributed to

differences in prey availability, gape size differences, or

differences in prey size. No significant correlation bet-

ween overlap values and prey availability, or differences in

gape were shown; however, a significant (p<0.0005)

correlation between the difference in R prey sizes of the

groups being compared and overlap values was found. This
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indicates that prey size selection is important in regu-

lating possible competition for food between these

insectivorous fishes in Flint Creek.

Indices of dietary overlap between the two size classes

of E. spectabile were significantly correlated (p<0.05) to

the difference in the R size of prey selected by the two

groups. While x prey size selection may be important in

reducing intraspecific competition for E. spectabile, the

indices of dietary overlap between the two size classes of

E. punctulatum were not correlated with the differences in

the R prey size selected by the two size classes. This sug-

gests that the regulation of dietary overlap between the two

size classes of E. punctulatum is dependent on some factor

besides prey size, such as actual election of specific prey

items.

Dietary overlap between was generally high (.81 - .99)

only between -small banded sclupins and both classes of the

orangethroat darters in Jan. - Feb., 1984, since both

species fed heavily on chironomids (Table 1). Overlap

values between the banded sculpin and E. punctulatum were

generally low. A value of .96 by number, .93 by dry wt.

(Table 1), however, was found in Jan. between juvinile

C. carolinae and mature E. punctulatum, when both species

were feeding on chironomids.
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Size Selectivity

The selection of prey on the basis of size is important

in the partitioning of Flint Creek food resources by orange-

throat and stippled darters. During most months there were

significant differences (p<0.05) in the x prey widths

selected by E. spectabile and E. punctulatum (Table 2).

Also, during many months there were significant differences

in prey widths selected by the different size classes of

each darter species (Table 2.).. Differences in morphology

may be partially responsible for these differences.

Etheostoma punctulatum has the larger gape of the two

species. However, in both species the R prey size selected

was not significantly correlated with gape size (p>0.05).

In months when C. carolinae were sampled for stomach analy-

sis, the size of prey selected by this species was generally

similar to that consumed by immature E. punctulatum. During

Jan. and Feb., 1984, when both C. carolinae and

E. spectabile were electing chironomids, prey size for these

two groups were similar, possibly indicating a period of

higher competition.

Selectivity

For each class of fishes, monthly electivity for parti-

cular prey items were variable, however, some trends are

evident (Figs. 2-6). All classes of fishes avoided

Stenelmis. A preference for specific prey items coincided
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with months when those prey items were abundant. Etheostoma

spectabile generally preferred smaller items such as clado-

cerans and chironomids, whereas E. punctulatum generally

preferred larger items such as mayflies, Corydalus,

decapods, and oligochaetes. C. carolinae showed negative

selection for microcrustaceans such as ostracods and

cladocerans, preferring mayflies, oligochaetes, and

decapods.

Several researchers have suggested that changes in the

diets of darters occur in response to changing prey

densities (Braasch and Smith, 1967; Page and Smith, 1971;

Page and Burr, 1976; Schenck and Whiteside, 1977). The

results of this study support this conclusion, However

changes in either morphology or behavior, or both, as

darters mature may also contribute to shifts in the diet.

For example, the greater and more seasonally distributed

ingestion of Stenonema and other miscellaneous organisms by

mature E. punctulatum (Fig. 5) than by mature E. spectabile

(Fig. 3), and other instances of positive electivity (Figs.

2-5), cannot be totally rationalized on the basis of those

food items becoming more available at certain points in

time.

In-stream Aquaria experiment

A group of prey items were selected for assessing

selectivity of the two darters under equal availability.
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These prey items were Cheumatopsyche (14.3% by number),

Atherix (28.6%), Neoperla (28.6%), Stenelmis larvae (7.1%),

Psephenus (7.1%), Isonychia (7.1%), and Stenonema (7.1%)

(n=70). When these prey items were equally available, the

selection of prey generally corroborated field studies con-

ducted in Jun., 1983, with some exceptions. Both species

continued to avoid Stenelmis, and none were consumed.

Atherix, which was not abundant in the stream in Jun., 1983,

was also completely avoided. Etheostoma spectabile had a

higher selectivity index for Cheumatopsyche (.11) and

Neoperla (.13) than in the field studies (.01 and -.00,

respectively). Etheostoma punctulatum also showed a higher

index for Neoperla (.21) than in the field (-.00). The

inaccesibility of Cheumatopsyche and Neoperla, due to their

cryptic nature, may result in more negative selectivity in

the stream.



CHAPTER IV

CONCLUSIONS

Several factors influence the degree of overlap in the

diet of cohabiting fishes. Differences in the diets of

E. spectabile, E. punctulatum, and C. carolinae in Flint

Creek, Oklahoma, are related to a complex of factors,

including the utilization of different habitats, prey size

selection, and the selection of specific prey items.

The absence of mature C. carolinae during the summer

and fall suggests their movement into unsampled areas,

therefore, exhibiting habitat partitioning. Analyses of

co-dispersion further revealed partitioning of habitat bet-

ween the banded sculpin and both darters during months when

mature sculpins were captured in the study area. Habitat

partitioning probably reduces both intraspecific and inter-

specific competition.

An analysis of co-dispersion between the two darters

showed no habitat segregation, however, different lengths of

both darter species were found in different habitats. This

not only may reduce intraspecific competition, but, together

with temporal segregation of spawning times, may reduce

interspecific competition.

38
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The selection of prey on the basis of size was found to

be an important factor in explaining overlap in the diets of

insectivorous fishes. Other researchers have shown prey

size to be consistant with gape (Northcote 1954; Daiber

1965; Matthews et. al. 1982), and the results of this study

support this. However, no correlations between mean prey

size and gape were found. No significant (p<0.05)

correlation was found between differences in gape and

dietary overlap between corresponding fish groups. This

suggests that gape may be important in prey size range, but

other ethological or morphological factors are involved in

the determination of the degree of dietary overlap between

species. The selection of prey on the basis of size may

reduce both intraspecific and interspecific competition.

While differences in dietary overlap between age groups of

E. spectabile are correlated with differences in x prey

size, differences in dietary overlap between age groups of

E. punctulatum and 5x prey size are not.

Etheostoma spectabile generally fed upon smaller prey

than E. punctulatum. Although the selection of prey items

may be due to the election of a specific prey size, some

selection of specific prey items irregardless of size was

noted. Both species selected prey at times when the parti-

cular item was abundant.

The management of stream game fishes is dependant on a

knowledge of the species to be managed and their potential
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competitors. The resources available for management are

dependant on the entire food web in the stream, and the

resource requirements of non-economic fishes are often

overlooked, obscuring an important factor in total stream

management. The results of this study reveal food and

potential habitat resource use by, and interactions between,

non-game fishes in an Ozark stream. These not only provide

new basic knowledge for these fishes, but should be helpful

reference data for future assessments of resource use, par-

titioning, and consequent development of management

strategies for stream fishes.
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